Investigation of Mechanisms for MK-801-Induced Neurotoxicity Utilizing Metabolomic Approach.
Single treatment of rats with the noncompetitive N-methyl-D-aspartate receptor antagonist MK-801 induces neuronal cell degeneration and death in the retrosplenial/posterior cingulate cortex (RS/PC) region, along with local cerebral glucose utilization. However, the relationship between this neuronal cell degeneration and death and glucose utilization remains unclear. To investigate the mechanism of MK-801-induced neurotoxicity and its relation to glucose utilization, changes in endogenous metabolites in the RS/PC region of MK-801 treated rats were assessed using metabolomics. Inverse correlation between citrulline and arginine levels suggested increased nitric oxide (NO) production. In addition, decreased levels of purine metabolites suggested enhanced xanthine oxidase activity accompanied with reactive oxygen species (ROS) production. Histopathological analysis confirmed that the production of ROS in the RS/PC region was increased by MK-801 and that the nonspecific NO synthase inhibitor Nω-nitro-L-arginine methyl ester (L-NAME) prevented MK-801-induced neuronal cell death. These results suggest that NO increases oxidative stress-related cell death. Increased levels of metabolites of glucose metabolism suggested enhanced energy production via glycolysis. To confirm the relationship between NO and glucose utilization, positron emission tomography (PET) imaging with [(18)F] fluoro-2-deoxy-d-glucose ([(18)F] FDG) was conducted. [(18)F] FDG-PET imaging accompanied by co-treatment of L-NAME with MK-801 demonstrated that L-NAME ameliorated MK-801-induced glucose utilization.In conclusion, MK-801 induces NO and ROS production in the RS/PC region, which might subsequently induce oxidative stress and in turn neuronal cell death. In addition, MK-801-induced NO production increased glucose utilization and affected glucose metabolism, the imbalance of which might generate additional oxidative stress related to neuronal cell death.